1. Introduction {#sec1}
===============

According to the Chinese ancient medicinal literature, the herbal formula San--Huang--Xie--Xin--Tang (SHXXT) consists of *Rhei Rhizoma* (*Rheum officinale Baill*), *Scutellariae Radix* (*Scutellaria baicalensis Georgi*), and *Coptidis Rhizoma* (*Coptis chinesis Franch*) with a ratio of 2:1:1 or 1:1:1 as the dose of the composition. SHXXT is used for relieving heat toxicity, inflammation of the intestine, ulceration of tongue and mouth, eczema, and relieving the liver and toothache. Additionally, in contemporary scientific reports, this herbal preparation can be used to protect gastric mucosa^[@ref1]^ and treat gastric inflammatory symptoms.^[@ref2]^ A vast amount of literature demonstrated that the herbal formula emerges in various bioactivities, including antioxidation,^[@ref3]^ anti-inflammatory,^[@ref4],[@ref5]^ anti-hypertension,^[@ref6]−[@ref8]^ anti-hepatitis C virus effects,^[@ref9]^ anti-atherogenicity,^[@ref10]^ and cardioprotection,^[@ref11]^ and the compound coptisine blocks NLRP3 inflammasome activation.^[@ref12]^ A previous report indicated that SHXXT protects against lipopolysaccharide (LPS)-activated microglia and 6-OHDA-induced neurotoxicity by reducing inflammation and oxidative stress.^[@ref13]^ In the experiment of the Parkinson's disease model, SHXXT provides protection against 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced neurotoxicity through antioxidation and anti-apoptosis effects.^[@ref14]^ Clinical studies have shown that SHXXT has an anti-atherosclerosis effect on human aortic smooth muscle cells.^[@ref15]^ In animal experiments, SHXXT has protective effects on the heart of model rats with acute myocardial apoptosis induced by ischemia and reperfusion.^[@ref12],[@ref16]^ Recently, SHXXT increasingly engaged in the treatment of dyslipidemia in Taiwan.

Traditionally, the preparation of traditional Chinese herbal formulas is an elaborative process. Following the processing of ancient Chinese medicinal books are important steps in decocting traditional Chinese herbal prescriptions.^[@ref16]^ However, this time-consuming process may hardly be suitable for the current fast-paced life. Therefore, commercial traditional Chinese formula products have developed over five decades for replacing the original and has become a modern trend.^[@ref17]^ The numerous excipients, such as starch, gelatin, lactose, carboxymethyl cellulose, and crude herb powder, were added for granulation, which may affect the concentration of herbal ingredients. Therefore, to inspect the quality of active components of these products, a validated analytical method was required.^[@ref18]^ A chromatographic method was applied to examine the quality of SHXXT previously.^[@ref19]^ Besides physical inspection such as the shape of granules, the morphology of the traditional Chinese medicine powder or the additives of pharmaceutical herbal materials by scanning electron microscopy was used.^[@ref20],[@ref21]^ Besides, due to the complicated herbal ingredients, it is not possible to measure all compounds from the herbs. Based on the guidance of quality control (QC), quality assurance (QA), and standard operation procedure (SOP) by the Department of Chinese Medicine and Pharmacy, Ministry of Health and Welfare, Taiwan, some potential bioactive ingredients or major compounds should be analyzed for the herbal preparation. Therefore, the potential bioactive compounds of baicalin, berberine, and rhein were selected for SHXXT from this study.

Based on the description above, our hypothesis is that the pharmaceutical formulation of granules may affect the chemical and physical qualities of the herbal medicine. To investigate this hypothesis, the aim of the study is to develop a validated chromatographic method to monitor the herbal ingredient of various pharmaceutical herbal products. To examine the physical quality of various brands of pharmaceutical products, scanning electron microscopy and light microscopy with Congo red and potassium iodide staining were applied to inspect the particle appearance and the crude fibers of herbal materials of SHXXT.

2. Results and Discussion {#sec2}
=========================

2.1. Optimization of Separation {#sec2.1}
-------------------------------

To achieve a suitable separation, adjusting the combination of the mobile phase, the type of column, and the pH value are the paths to reach our goal. Thus, not only different ratios of water and organic phases were tested but phosphate solutions with different pH values were also evaluated. The data suggested that the combination of acetonitrile and sodium dihydrogen phosphate adjusted with phosphoric acid was most suitable for the analysis due to the shape, separation, and retention times of the analyte peaks. Additionally, various reverse-phase columns were tested, but the Agilent HC-C18 reverse-phase column is the only one approaching our goal. Therefore, the eluent mobile phase used consists of acetonitrile and 10 mM NaH~2~PO~4~, and a gradient system was used according to the following program: 0.01--60 min, 5--95% A; 60--65 min, 95% A; 65--67 min, 95--5% A; and 67--87 min, 5% A. Finally, analyzing the pharmaceutical products with this optimized method was performed in this study. The high-performance liquid chromatography (HPLC) chromatograms of baicalin, berberine, and rhein shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"} were detected at wavelengths of 276, 238, and 228 nm, respectively. The retention times of the standards are as follows: 21.6 min for baicalin, 24.9 min for berberine, and 32.8 min for rhein. While analyzing 100-fold diluted samples of brand E by chromatography, there was a massive extra peak detected at three different wavelengths that are presented in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}. In addition, this pattern of brand E was similar to those of the other brands.

![HPLC chromatograms of the three components, baicalin, berberine, and rhein. The three compounds were detected under individual wavelengths, which were (A) 276 nm for baicalin, (B) 238 nm for berberine, and (C) 228 nm for rhein. 1: baicalin, 2: berberine, and 3: rhein.](ao0c00809_0001){#fig1}

![HPLC chromatograms of brand E extracts after 100-fold dilution. (A) Baicalin (8.27 μg/mL), retention time: 21.4 min, detection wavelength: 276 nm; (B) berberine (0.81 μg/mL), retention time: 24.4 min, detection wavelength: 238 nm; and (C) rhein (0.60 μg/mL), retention time: 32.7 min, detection wavelength: 228 nm. 1: baicalin, 2: berberine, and 3: rhein.](ao0c00809_0002){#fig2}

2.2. Method Validation {#sec2.2}
----------------------

Method validations of baicalin, berberine, and rhein were analyzed, including evaluation of the method's lower limit of quantification (LLOQ), accuracy, and intraday as well as interday precision. The calibration curves in the concentration range of 0.1--10 μg/mL baicalin, berberine, and rhein showed good linearity and acceptable correlation coefficients. [Tables [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"} and [2](#tbl2){ref-type="other"} show that the LOQ for baicalin, berberine, and rhein was 0.1 μg/mL, and the intraday and interday precisions of baicalin, berberine, and rhein ranged from 1.98 to 13.36% and 2.44 to 14.32%, respectively. Compared with a previous report, this developed protocol has enhanced the sensitivity of the previous research (limit of detection (LOD): 0.17--2.06 μg/mL).^[@ref22]^ Additionally, the intraday and interday accuracy were respectively in the range of −13.31 to 14.31 and −15.77 to 14.42%. The precision and accuracy values ranged less than ± 15%, and the LLOQ values were within ±20%. Hence, it is acceptable in accordance with the FDA guidelines of the bioanalytical validation method, so this analytical method emerged to be stable and efficient. The selected HPLC wavelengths used to determine biologically active compounds in commercial drugs are consistent with previous reports on baicalin, berberine, and rhein.^[@ref23]^ The HPLC method used to quantify the drug SHXXT product was well validated.

###### Intraday Precision and Accuracy of Baicalin, Berberine, and Rhein[a](#t1fn1){ref-type="table-fn"}

  nominal concentrations (μg/mL)   observed concentrations (μg/mL)   precision (%)   accuracy (%)
  -------------------------------- --------------------------------- --------------- --------------
  Baicalin                                                                           
  0.1                              0.11 ± 0.01                       7.08            14.31
  0.5                              0.42 ± 0.04                       8.17            --13.31
  1                                0.98 ± 1.05                       9.07            --2.43
  5                                5.16± 0.39                        12.45           3.19
  10                               9.93± 0.47                        4.78            --0.74
  Berberine                                                                          
  0.1                              0.10 ± 0.01                       8.36            --0.56
  0.5                              0.46 ± 0.03                       5.80            --8.05
  1                                1.05 ± 0.12                       11.14           5.28
  5                                4.98 ± 0.18                       3.54            --0.35
  10                               10.01 ± 0.34                      3.44            0.05
  Rhein                                                                              
  0.1                              0.09 ± 0.01                       5.93            --12.93
  0.5                              0.45 ± 0.04                       9.42            --10.06
  1                                0.97 ± 0.13                       13.36           --3.35
  5                                5.18 ± 0.54                       10.90           3.63
  10                               9.92 ± 0.20                       1.98            --0.85

Data are expressed as the mean ± S.D. (*n* = 5). Precision: RSD (%) = \[standard deviation/*C*~obs~\] × 100.

###### Interday Precision and Accuracy of Baicalin, Berberine, and Rhein[a](#t2fn1){ref-type="table-fn"}

  nominal concentration (μg/mL)   observed concentration (μg/mL)   precision (%)   accuracy (%)
  ------------------------------- -------------------------------- --------------- --------------
  Baicalin                                                                         
  0.1                             0.11 ± 0.01                      4.82            14.42
  0.5                             0.45 ± 0.06                      12.62           --9.91
  1                               0.87 ± 0.07                      8.14            --12.82
  5                               5.09± 0.36                       12.45           1.81
  10                              9.95± 0.44                       4.41            --0.47
  Berberine                                                                        
  0.1                             0.10 ± 0.01                      13.77           1.45
  0.5                             0.48 ± 0.03                      14.32           --3.63
  1                               1.11 ± 0.12                      10.78           10.74
  5                               5.59 ± 0.70                      12.36           13.76
  10                              9.85± 0.44                       10.33           --1.53
  Rhein                                                                            
  0.1                             0.08 ± 0.01                      3.76            --15.77
  0.5                             0.46 ± 0.04                      8.78            --7.95
  1                               0.98 ± 0.10                      10.59           --2.21
  5                               5.20 ± 0.14                      2.44            3.95
  10                              9.90 ± 0.33                      3.32            --0.96

Data are expressed as the mean ± S.D. (*n* = 5). Precision: RSD (%) = \[standard deviation/*C*~obs~\] × 100. Accuracy: Bias (%) = \[(*C*~obs~ -- *C*~nom~)/*C*~nom~\] × 100.

2.3. Contents of SHXXT Commercial Products {#sec2.3}
------------------------------------------

The different formulations of 12 samples, including powder forms, tablet forms, and one SHXXT water decoction, were evaluated using the optimized parameters. All of the examined products contained three active ingredients, as shown in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}. As is shown, among the herbal pharmaceutical products, the contents of rhein, baicalin, and berberine were approximately 0.22--22.46, 0.44--50.79, and 0.41--2.48 mg/g, respectively. The results suggest that the three major ingredients are detectable in each sample. Baicalin is the most abundant flavonoid in SHXXT, the result of which is similar to previous reports.^[@ref24]−[@ref26]^ However, the percentages of the three compounds in tested samples are significantly varied. According to the chart in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}, brand D contains the most abundantly analyzed compositions than that of others. Excluding brand I, the baicalin level of SHXXT products and water decoction is more abundant than the other two compositions. Nonetheless, berberine is the minor ingredient of SHXXT products. The proportions of baicalin levels in brands C, D, and F are over 90, and brand F is particularly nearby 96 percent. Furthermore, brand D has the most abundant ingredient in baicalin of all tested samples, and the majority of the composition in brand I is rhein. The influences of the difference in the ratio of three chemical compositions between each sample are collecting herbal origins, herbal growth environments, the periods of cultivation, decoction processes, and granulation processes.^[@ref18],[@ref19]^ As we mentioned before, the composition ratio of brand I is extremely different from others; hence, tracking some achievable information and analyzing them on the basis of our knowledge, the probable impact comes from the decoction processes. We hypothesized that the different decoction processes may affect the ability of extraction for certain compounds becoming more easily; thus, the specific component would be a higher amount than others. According to our findings, the underground parts of Rhei Rhizoma were baked with ethanol before decoction that causes the rhein level in brand I dramatic higher than other brands because of its physical properties. Additionally, baicalin, a flavonoid glycoside, is slightly water-soluble. As a result, the baicalin level of tested brands, excepting brand I, is the most abundant compound of the three due to the fact that the herbs were decocted with boiling water. Consequently, our finding supports our prior hypothesis, the decoction process will impact the ratio of extracted ingredients.

![Ratio of the three compounds in brands A--K and San--Huang--Xie--Xin--Tang decoction.](ao0c00809_0003){#fig3}

###### Quantitation of the Bioactive Compounds in Different Brands of Commercial San--Huang--Xie--Xin--Tang Products[a](#t3fn1){ref-type="table-fn"}

  brands   baicalin (mg/g)   berberine (mg/g)   rhein (mg/g)
  -------- ----------------- ------------------ --------------
  A        15.44 ± 3.40      1.26 ± 0.11        0.49 ± 0.08
  B        5.18 ± 0.20       0.57 ± 0.06        0.22 ± 0.04
  C        23.06 ± 3.76      0.41 ± 0.08        1.26 ± 0.20
  D        50.79 ± 3.69      1.36 ± 0.14        1.13 ± 0.07
  E        6.81 ± 2.90       0.73 ± 0.19        0.56 ± 0.12
  F        28.64 ± 1.30      0.49 ± 0.04        0.78 ± 0.24
  G        3.54 ± 0.19       1.20 ± 0.03        3.79 ± 0.51
  H        14.30 ± 1.18      1.92 ± 0.14        4.35 ± 0.57
  I        0.44 ± 0.21       1.33 ± 0.19        22.46 ± 1.67
  J        7.07 ± 2.28       1.66 ± 0.52        0.92 ± 0.29
  K        21.76 ± 0.81      2.48 ± 0.13        9.19 ± 0.41
  L        9.09 ± 0.08       1.03 ± 0.01        1.94 ± 0.12

Data are expressed as the mean ± SD (*n* = 3).

2.4. Microscopic Application for Determining the Additives of SHXXT Commercial Products {#sec2.4}
---------------------------------------------------------------------------------------

Polysaccharides are stained with Congo red through strong noncovalent interactions. The identification of the cellulose fibers via Congo red staining was achieved by an Aperio ScanScope slide scanner. The results revealed that SHXXT products made from different manufacturers ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a--k) and raw herbal powder ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}m--o) exhibited red or pink masses, which indicated that samples A--K contain fiber components, suggesting the possible use of raw herbal powder or cellulose fiber as additives. The starch testing solution usually consists of iodine and potassium iodine. The complex of amylose and triiodide ions is responsible for the formation of a deep blue color.^[@ref18],[@ref19]^ The identification of starch was evaluated by light microscopy using iodine--KI reagent staining. As shown by the photograph in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}p, cornstarch turned blue or violet when stained with iodine--KI reagent, which was taken as a positive control for assessing the other samples. Furthermore, brands C, E, F, H, and K visibly indicate that they contain a certain amount of cornstarch, particularly brand K.

![Microscopy photographs with Congo red staining (×100). Light microscopy photographs of San--Huang--Xie--Xin--Tang (a--k) products of brands A--K, respectively; (l) San--Huang--Xie--Xin--Tang decoction; and raw herbal powder of *Rhein rhizome* (m), *Scutellariae Radix* (n), and *Coptis Rhizome* (o).](ao0c00809_0004){#fig4}

![Microscopy photographs with Congo red staining (×100). Light microscopy photographs of San--Huang--Xie--Xin--Tang (a--k) products of brands A--K, respectively; (l) San--Huang--Xie--Xin--Tang decoction; raw herbal powder of *Rhein rhizome* (m), *Scutellariae Radix* (n), and *Coptis Rhizome* (o); and (p) cornstarch.](ao0c00809_0005){#fig5}

3. Conclusions {#sec3}
==============

This study developed chemical and physical methods for evaluating the quality of the herbal pharmaceutical product SHXXT. A rapid and sensitive validated HPLC method was designed for the determination of the contents of rhein, baicalin, and berberine in eleven commercial traditional Chinese products. Among the tested herbal pharmaceutical products, in samples D and H, the baicalin level of powders and granulations was in the range of 50.79--14.3 mg/g, while the content of berberine was in the range of 1.36--1.92 mg/g and the rhein level was in the range of 1.13--4.35 mg/g. According to our investigation, the ratios of the three compounds in SHXXT products were extremely different because of different processing techniques. Congo Red staining was used to evaluate the amount of cellulose, and Iodine--KI staining was used to examine the amount of starch. According to our study, not only quality but also quantity controls for the bioactive compounds in different brands of pharmaceutics are all very important to ensure the efficacy of herbal medicine. In addition, a standard method to examine the quality and quantity of various brands of commercial herbal formulas should be very important to ensure the clinical efficacy of herbal medicine.

4. Materials and Methods {#sec4}
========================

4.1. Chemical and Reagents {#sec4.1}
--------------------------

Rhein, baicalin, berberine, and *p*-hydroxybenzoate were purchased from Sigma-Aldrich Chemicals (St. Louis, MO). HPLC-grade methanol, sodium dihydrogen phosphate (NaH~2~PO~4~), and orthophosphoric acid (H~3~PO~4~, 85%) were purchased from E. Merck (Darmstadt, Germany). Triple-deionized water (Millipore, Bedford, MA) was used in the study. The root and stem parts of *Rhei Rhizoma*, *Scutellariae Radix*, and *Coptidis Rhizoma* were purchased from the Lu--An Chinese Medicine Pharmacy (Taipei, Taiwan). The obtained herbs were identified after comparison with the specimens in the National Research Institute of Chinese Medicine of Taiwan. The manufacturers of commercial pharmaceutical products of SHXXT included SunTen Pharmaceutical Co., Ltd. (Taipei, Taiwan), Kaiser Pharmaceutical Co., Ltd. (Tainan, Taiwan), KODA Pharmaceutical Co., Ltd. (Taoyuan, Taiwan), Sheng Chang Pharmaceutical Co. (Tainan, Taiwan), Chuan Feng Tang Pharmaceutical Co., Ltd. (Taoyuan, Taiwan), Chuang-Song-Zong Pharmaceutical Co., Ltd. (Kaohsiung, Taiwan), Tong-Yang Pharmaceutical Co., Ltd. (Tainan, Taiwan), and Fu Tain Pharmaceutical Co., Ltd. (Changhua, Taiwan). Eleven different testing samples from these manufacturers are presented with numeral codes when showing the analysis results. None of the manufacturers of the herbal products funded this investigation.

4.2. Extraction {#sec4.2}
---------------

According to the ancient Chinese medical literature, Synopsis of Golden Chamber, we prepared the decoction of SHXXT with *Rhei Rhizoma*, *Scutellariae Radix* and *Coptidis Rhizoma* in a ratio of 2:1:1, which was 18 g of *Rhei Rhizoma*, 9 g of *Scutellariae Radix*, and 9 g of *Coptidis Rhizoma*. First, these herbs were placed in a stainless-steel pot with 600 mL of cold water and then boiled to obtain the decoction. The decoction was covered and kept boiling for 20 min with low heat. Next, the concoction was filtered out. In the second step, we added 600 mL of cold water to the residue, and the first process was repeated after the concoction was filtered off. Finally, all of the samples were mixed together.

4.3. HPLC Conditions {#sec4.3}
--------------------

Baicalin, berberine, and rhein were determined using a Shimadzu HPLC instrument (LC-20AT, Japan) that consisted of an LC-10AT pump, an SIL-20AC automatic injector, and an SPD-M20A UV--vis detector. Baicalin, berberine, rhein, and *p*-hydroxybenzoate (internal standard) were separated by an HPLC column (Agilent HC-C18 column: 100 × 4.6 mm^2^ i.d., 5 μm). All analytes were monitored at 276 ± 4, 238 ± 4, and 228 ± 4 nm for the peak area determinations of baicalin, berberine, and rhein, respectively. The eluent mobile phase consisted of acetonitrile (A) and 10 mM NaH~2~PO~4~ (B) (pH = 3.0, adjusted by orthophosphoric acid). The gradient system was employed as the following program: 0.01--60 min, 5--95% A; 60--65 min, 95% A; 65--67 min, 95--5% A; and 67--87 min, 5% A.

4.4. Method Validation {#sec4.4}
----------------------

Five concentrations ranging from 0.1 to 10 μg/mL of three QC standards were evaluated for calibrating the instruments. Linear calibration curves of all QC standards were evaluated based on the standard error of the slope and correlation coefficient (*r*^2^ \> 0.995). The limits of detection were estimated by a signal-to-noise ratio (S/N) of 3:1. The interday and intraday precision and accuracy were assessed using the percentage of relative standard deviation and bias. Six replicates of linear calibration curves on the same day and on consecutive days were estimated for the intraday and interday variation, respectively. The formulas RSD (%) = (standard deviation (SD)/*C*~obs~) × 100 and bias (%) = \[(*C*~obs~ -- *C*~nom~)/*C*~nom~\] × 100 were employed for calculating the percentage of relative standard deviation and bias. *C*~obs~ and *C*~nom~ denote the mean value of the observed concentrations and the nominal concentration, respectively. The accuracy and precision were less than ±15% and ±20%, respectively, at the LOQ for all of the analytes and thus were acceptable in this study.

4.5. Light Microscopy Photographs of Congo Red and Iodine--KI Stained Samples {#sec4.5}
-----------------------------------------------------------------------------

Light microscopy images were acquired using an Aperio ScanScope CS scanner. Sample suspensions were placed on the microslides, and then, before being covered with coverslips, the samples were stained with 0.1% Congo red or 2% iodine--KI solution. Under a 100× microscope magnification, pink staining and purple staining were observed in the Congo red-stained slides and iodine solution stained slides, respectively.^[@ref18]^

4.6. Statistical Analysis {#sec4.6}
-------------------------

SigmaPlot software (version 13.0) was used for statistical analyses. Aperio ScanScope CS (Aperio Technologies, Vista, CA) with the Aperio ImageScope (version 10.0) software was used to perform the microscopy photographic analysis.
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